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LITHOLOGY AND GEOCHEMISTRY OF CORE FROM U.S. 
GEOLOGICAL SURVEY DEEP DRILL HOLE AT INDIAN CREEK AND 
DISCUSSION OF CORE FROM A DRILL HOLE NEAR GOLD ACRES,

SHOSHONE RANGE, NEVADA

By

Chester T. Wrucke and David M. Cole 

ABSTRACT

The U.S. Geological Survey drilled and cored four holes on the east flank of the 
Shoshone Range in 1968 to determine the depth to the Roberts Mountains thrust and to 
obtain information on the lithology and chemistry of the rocks in the upper and lower plates 
of the thrust. Two of the holes are discussed here, USGS No. 1 at Indian Creek, 2.5 mi 
(4.0 km) northwest of Tenabo, and USGS No. 4, 1.3 mi (2.1 km) west of Gold Acres. 
These holes were drilled to depths of 3,996 ft (1,217.9 m) and 1,916 ft (584.0 m), 
respectively. USGS No. 1 penetrated the thrust at a depth of 2,938 ft (895.5 m), and at 
USGS No. 4 the thrust was cut at a depth of 890 ft (271.3 m).

Rocks in the upper plate of the Roberts Mountains thrust in the vicinity of the drill 

holes consist of chert and siliceous mudstone (argillite) with lesser amounts of quartzite, 
siltstone, sandstone, greenstone, barite, and limestone. They range in age from Cambrian 
to Devonian. Most of the chert and mudstone in the area have been considered previously 
as belonging to the Valmy Formation of Ordovician age but now are known to be in the 
Slaven Chert of Devonian age. During the Devonian and Mississippian Antler orogeny, 
these rocks overrode lower plate rocks that are mainly limestone and calcareous siltstone of 
Silurian and Devonian age. A concealed granitic pluton of Cretaceous age underlies Gold 

Acres and areas to the west, including altered rocks adjacent to USGS No 4. Granitic 
stocks and dikes of Oligocene age are exposed at Tenabo and areas northwest of USGS 
No. 1. Rhyolite dikes of Oligocene age, younger than the Oligocene granitic rocks, intrude 
upper plate rocks at Gold Acres and Tenabo and are thought to be related to the prinicpal 
episodes of gold mineralization in these areas.

Upper plate rocks penetrated at USGS No. 1 consist mainly of chert and siliceous, 
variably calcareous, mudstone and less abundant limestone and siltstone. These rocks are



thought to belong to the Slaven Chert Rocks in the lower plate are mostly silty and 
nonsilty limestone of unknown age. Rock below 3,930 ft (1,197.9 m) is intensely 
deformed siliceous mudstone similar to mudstone of the upper plate, but its age also is 
unknown. Numerous dikes of felsic igneous rock and lamprophyre presumably of Tertiary 

age cut upper and lower plate strata. Metamorphic rocks, principally skarn from calcareous 
beds and hornfels from mudstone, are present as high as about 580 ft (176.8 m) in the hole 
but are abundant only at much lower depths.

Chert and siliceous mudstone in the upper plate of the Roberts Mountains thrust at 
USGS No. 4 also are mostly in the Slaven Chert. Some upper plate strata probably belong 
to the Elder Sandstone of Silurian age. Lower plate rocks are carbonaceous limestone and 
calc-silicate hornfels probably of the Roberts Mountains Formation of Silurian and 
Devonian age.

Gold in the core of USGS No. 1 is concentrated in four zones identified from 
quantitative and semiquantitative analyses. The zone thickest and richest in gold is 425 ft 
(129.5 m) thick in the interval 770-1,955 ft (234.7-364.2 m) and has gold values as high 

as 657 ppb. This zone and two deeper ones having maximum gold concentrations of 486 
ppb and about 200 ppb are in the upper plate of the Roberts Mountains thrust One gold- 
rich zone below the thrust has a gold content as high as about 110 ppb. The quantitative 
chemical data show a positive correlation at greater than the 95 percent confidence level of 
Au with Ag, As, Cu, and Zn. These data together with the observations that the 
distribution of gold at the surface in the vicinity of the hole is similar to that of silver and 
base metals and that gold in the core is found in sulfide-bearing intervals indicate that the 
gold originated during conditions of silver-base-metal mineralization.

The chemical data from core samples from USGS No. 1 also reveal a positive 
association between numerous pairs of Cu, Cr, Mo, and Ni. These elements were 
concentrated in the mudstones during deposition, but at USGS No. 1 they also were 
introduced as part of the base-metal suite associated with gold.



INTRODUCTION

In 1968 the U.S. Geological Survey drilled five holes on the east flank of the 
Shoshone Range in north-central Nevada. This report discusses two of these holes. One 
hole, USGS No. 1, was drilled to a depth of 3,996 ft (1217.9 m) in Indian Creek, 2.5 mi 
(4.0 km) northwest of Tenabo, and the other hole, USGS No. 4, was drilled 1.3 mi (2.1 
km) west of Gold Acres (fig. 1). Information from USGS No. 1 was used in the 
construction of cross sections for a preliminary geologic map of the Gold Acres-Tenabo 
area (Wrucke, 1974), but detailed information on the core recovered from the hole was 

never published. The log and chemical analyses of samples from USGS No. 4, however, 
were released (Wrucke, 1975). During exploration activity in the Shoshone Range in the 
late 1980s, Newmont Exploration Limited established mining claims that included both drill 
sites and requested that a study of the core and cuttings from the drill holes be conducted 
jointly by the company and the U.S. Geological Survey. The two organizations made that 
study in 1989. The investigations consisted of logging and sampling core from USGS No. 
1, obtaining quantitative chemical analyses of the core samples from that hole, and 
examining, in somewhat more detail than previously, core from USGS No. 4. The results 
of those investigations are given here along with previously unpublished information 
obtained during earlier studies by the U.S. Geological Survey of core from USGS No. 1.

Drilling of the deep hole in Indian Creek and the hole west of Gold Acres was 
conducted as part of the Heavy Metals Program of the U.S. Geological Survey. This 
program was initiated in the mid- to late-1960s to obtain information on the stratigraphic, 
structural, and geochemical setting of gold deposits in areas promising for gold deposits in 
various parts of the United States. Drilling in the Shoshone Range was undertaken as part 
of that program, especially to learn the depth to the Roberts Mountains thrust and obtain 
geologic information potentially useful in the search for ore. In northern Nevada at that 
time, the principal known gold deposits were in the lower plate of the Roberts Mountains 
thrust or in lower parts of the upper plate of the thrust, and exploration was largely 
confined to exposures of lower plate rock and the sole of the thrust Only relatively small 
ore bodies were known in upper plate rocks. The Tenabo and Gold Acres areas were 

selected for drilling because they were in or near mineral belts thought to have potential for 
ore, and the depth to the thrust could not easily be determined from surface geology but 
from structural considerations was thought to be reachable by drilling. At the time of the 

drilling, Tenabo had numerous mines and prospects and was being explored by mining 
companies but had no active mines, and the Gold Acres area was under exploration at the
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Figure 1. Map showing location of USGS drill holes 1 and 4.



site of former underground and open pit gold mines. Deep drilling as part of the Heavy 
Metal Program also was underway at Iron Canyon near Battle Mountain (Theodore and 
Roberts, 1971).

The general geology and tectonic history of the the Gold Acres and Tenabo areas 
was first discussed in the pioneering report on the northern Shoshone Range by Gilluly and 
Gates (1965). Regional relations of rocks in the Roberts Mountains allochthon are given 
by Madrid and others (1991). Hays and Foo (1991) and Wrucke and Armbrustmacher 
(1974) reported on the geology and geochemistry of the Gold Acres area, and a preliminary 
geologic map of the Gold Acres-Tenabo area was made by Wrucke (1974). The 
distribution of gold, silver, and other metals at the surface near Gold Acres and Tenabo 
was reported by Wrucke and others (1968), and the geochemical analyses on which that 
study was based are given in Wrucke and Armbrustmacher (1973). The disseminated gold 
deposit at Gold Acres is included in discussions of the geologic settings and characteristics 
of gold deposits in the Great Basin (Seedorf, 1991; Thorman and Christensen, 1991; 
Bagby and Berger, 1985; Tooker, 1985; and many others).

Selection of the drill site in Indian Creek was based mainly on structural 
considerations. The site was chosen because it was at a topographically low position on 
the crest of an anticline shown by Gilluly and Gates (1965) in upper plate rocks near 
Tenabo. Moreover, the site was about midway between exposed granitic rocks on 
Altenburg Hill in the Tenabo area to the southeast and at Granite Mountain to the 
northwest. For this reason, the drilling was thought to have a reasonable chance of 
avoiding extensively altered or highly contact-metamorphosed rocks that might have made 
interpretation of the original protoliths difficult, yet was sufficiently close to mineralized 
ground at Tenabo to show that potentially attractive targets for mineralized rock might exist 
should lower plate rocks be found at shallow depth.

The site for the hole west of Gold Acres was selected to determine the depth to the 
thrust west of the steep fault that had been found on the west side of the Gold Acres 
window (Wrucke, 1974). The amount of offset on this steep fault could not be estimated 
accurately from geologic mapping. The drill site was sufficiently north of a buried pluton 
interpreted as extending northwesterly from Gold Acres (Wrucke, 1974) to avoid intense 
alteration or metamorphism that might obscure identification of the lithology or stratigraphic 
units of the penetrated rocks.

Core and cuttings from the drill holes were logged and sampled for chemical 
analysis during and shortly after the drilling. In the present study, the core from the hole in 

Indian Creek was relogged using new information made available on the stratigraphy and 
structural features of upper and lower plate rocks since the hole was first logged. During



the present study, part of the drill core was resampled for new chemical analyses reported 
here (table 3). The types of samples collected and the analyses performed on them are 

described below.
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STRATIGRAPHIC FRAMEWORK

The east flank of the Shoshone Range from north of Indian Creek to south of Gold 
Acres has extensive exposures of strata in the upper plate of the Roberts Mountains thrust. 
In this area, rocks in the upper plate range in age from Cambrian to Devonian. They 
consist of unnamed sandy limestone and quartzite of Cambrian age; siltstone, sandstone, 
and chert of the Elder Sandstone of Silurian age; siliceous mudstone (argillite), chert, 
quartzite, and minor barite of the Valmy Formation of Ordovician age; and chert, siliceous 
mudstone, greenstone, siltstone, sandstone, limestone, barite-chert conglomerate, and 
bedded barite of the Slaven Chert of Devonian age. By far the most extensively exposed 
rocks in this area are chert and siliceous mudstone of the Slaven Chert. The drill holes in 
Indian Creek and west of Gold Acres are collared in rocks of the Slaven Chert.

Sparse fossils and similar rock types in stratigraphic units of different ages have 
complicated the identification of formations and the age of strata in individual outcrops, and 
in some entire thrust sheets. Field studies by Wrucke in the Gold Acres-Tenabo area in the 
late 1970s revealed that the age of many rock units shown by Gilluly and Gates (1965) and 
Wrucke (1974) are incorrect. Relatively few fossil localities had been identified at the time 
of these earlier studies compared to those known today. In particular, the use of 
radiolarians, which became generally available for determining the age of chert in the late 
1970s (Jones and others, 1978), together with newly discovered conodont and megafossil 
localities, yielded much new information on the age of rocks in the area. Most of the 
extensive areas of chert and argillite shown by Wrucke (1974) as belonging to the Valmy 
Formation were found to be of Devonian age, and all of the greenstone in the Gold Acres 

and Tenabo areas, considered by Gilluly and Gates (1965) as well as by Wrucke (1974) to 

be Ordovician in age, now are interpreted to be Devonian. In addition, some siltstone,



identified earlier as Elder Sandstone, is part of the Devonian Slaven Chert, as is the chert- 
barite conglomerate northwest of Tenabo. Some sandy limestone and interbedded fine 
grained quartzite adjacent to the north end of the Gold Acres window and once considered 
to be Ondovician in age now is known from fossil evidence to be Cambrian and earliest 
Ordovician and possibly in part correlative with the Preble Formation (Madden-McGuire, 
1990; Madden-McGuire and Marsh, 1991). In general, rocks of the Devonian Slaven 
Chert are much more abundant than previously thought, and rocks of the Ordovician Valmy 
Formation are considerably less abundant.

Strata in the lower plate of the Roberts Mountains thrust are exposed in the Gold 
Acres window, centered about 5 mi (8 km) south of USGS No. 1 and 1.4 mi (2.3 km) 
southeast of USGS No. 4. They consist mostly of limestone and silty limestone of the 
Wenban Formation of Devonian age, but also included, at the north end of the window, are 
fissile calcareous siltstone of the Pilot Shale of Devonian and Mississippian age. Silty 
limestone of the Roberts Mountains Formation of Silurian and Devonian age, common as 
the mineralized host in gold-bearing areas of north-central Nevada, are exposed in the Gold 
Acres window only as thrust lenses at the sole of the Roberts Mountains thrust However, 
a thick stratigraphic section of calcareous rock possibly belonging to the Roberts Mountains 
Formation has been found immediately beneath the sole of the thrust in USGS No. 4, as 
discussed later. How close to the Gold Acres window strata of the Roberts Mountains 
Formation(?) come in the subsurface is uncertain, though USGS No. 4 is only 0.7 mi (1.1 
km) from the nearest exposures of lower plate rocks in the window.

Intrusive rocks in the Gold Acres-Tenabo area consist of a Cretaceous pluton at 
Gold Acres and Tertiary bodies at Gold Acres and near Tenabo. The pluton at Gold acres 
is not exposed. It has been penetrated by drill holes in and near the Gold Acres Mine and is 
interpreted to be buried beneath an area of bleached hydrothermally-altered and weakly 
metamorphosed rocks about a mile (1.6 km) wide and 2 mi (3.2 km) long that extends west 
from the mine (Wrucke, 1975; Wrucke and Armbrustmacher, 1975). An aeromagnetic 
anomaly is centered over the area of altered rocks (Wrucke and others, 1968). The rock is 
granitic, but its exact composition is not well known. Granodiorite porphyry having an age 
of 37.5 Ma is exposed at Tenabo as close as 1.8 mi (2.9 km) southeast of the drill hole at 
Indian Creek, and a granitic pluton of similar age crops out at Granite Mountain as near as 
2.5 mi (4.0 km) northwest of the drill hole. Dikes of the granodiorite porphyry and of 
rhyolite porphyry (34.8 Ma) also are present in the Tenabo area. Some dikes of both 
lithologic types are found as close as 0.4 mi (0.6 km) south of the drill hole on Indian 
Creek. Rhyolite porphyry dikes thought to related to the 32.5±2 Ma Caetano Tuff and 

caldera of the Cortez area also are present at Gold Acres (Rytuba, 1985).
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STRUCTURAL FRAMEWORK

The upper plate of the Roberts Mountains thrust on the east side of the Shoshone 
Range is a complex stack of thrust plates containing shattered and locally folded lithologic 
units that have been shuffled out of their original stratigraphic order during the thrusting. 
The thrusting took place during the Antler orogeny of Late Devonian and Early 
Mississippian age, when rocks now found in the upper plate were accreted to the continent 
by obduction from an oceanic plate (Speed and Sleep, 1982) and subsequently moved 
eastward. According to the widely accepted model postulated by Speed and Sleep, the 
Roberts Mountains allochthon is an accretionary prism of pelagic and terrigenous materials 
scraped from a slab of oceanic lithosphere as the continental margin collided with and 
descended westward beneath an island arc system. During the arc-continent closure, the 
accretionary prism was underthrust by the continental plate and translated over strata of the 
continental shelf. The accretionary prism became the Roberts Mountains allochthon, and 
the basal decollement became the Roberts Mountains thrust.

In a more recent version of the thrusting, based on modern analogues in the 
Mediterranean region, Burchfiel and Royden (1991) proposed a scheme that accounts for 
the absence of abundant volcanic rocks in the allochthon and the absence of volcanic debris 
in the foredeep clastic section east of the allochthon. According to Burchfiel and Royden, 
an island arc never collided with the continent and remained far to the west Thrusting 
began in the oceanic or marginal sea behind (east of) an arc outboard of the continent 
Eastward migration of the the hinge-zone of the subducting slab at the leading edge of the 
thrust caused the thrust belt to move toward the continent. Arc volcanic rocks developed 
in a region of extension and subsidence in the overriding plate behind the subducting slab 
and far to the west of the leading edge of the thrust. Because the amount of extension in 
the island arc region may have been nearly as large as the amount of lithosphere subducted, 
volcanic rocks did not impinge on the continental crust when the accretionary prism 
eventually overrode the continental margin.

Deformation in the allochthon must have taken place as the accretionary prism piled 
up before and during emplacement on the continental shelf. We considered the possibility 
that during accretionary emplacement some rock masses in the presumably thick Antler 
plate could have moved by underwater sliding from high places and from the leading edge 
of the original obducted mass to produce some of the shuffling of thrust sheets seen today 
in the allochthon. This possibility seems reasonable because the Antler prism likely would
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have been a highly unstable mass if it accumulated to a thickness of many kilometers at its 
structural high during transport, as Speed and Sleep suggest. However, no firm evidence 
for the idea has been found in the Indian Creek or surrounding areas. Major thrust sheets 
on the east flank of the Shoshone Range extend for tens of kilometers as would be expected 
of products of regional tectonics. These sheets and minor thrust slices in them show no 
clear indications of cross-cutting relations suggestive of downslope transport by sliding 

across ancient topography
In the Gold Acres-Tenabo area, the allochthon of the Roberts Mountains thrust 

consists of two major plates. The lower of these plates is by far the most extensive of the 
two and is found from the Gold Acres window to all but the western and northern parts of 
the Gold Acres and Tenabo areas. It is defined at its base by the sole of the Roberts 
Mountains thrust and at its top by the overlying Lander thrust (Wrucke, 1974). Although 
composed of many smaller plates consisting of rocks ranging in age from Cambrian to 
Devonian, it comprises, where exposed, dominantly chert and argillite that are considered 
to belong to the Slaven Chert of Devonian age. The thickness of the plate ranges from 
possibly a little over 200 ft (61 m) near Gold Acres to more than 3,000 ft (914 m) in the 
vicinity of Indian Creek.

The upper of the two major plates of the Roberts Mountains allochthon in the Gold 
Acres-Tenabo area lies on the Lander thrust. Remnants of this thrust sheet are found along 
the west side of the Gold Acres and Tenabo areas and in places north of Indian Creek. 
Nowhere in the area is it completely exposed, and its thickness outside the area is not 
known but could be very thick. Erosional remnants in the area have a maximum thickness 

of about 400 ft (365 m). The plate consists mostly of quartzite and chert of the Valmy 
Chert of Qrdovician age but also contains smaller amounts of argillite of the Valmy and 
sandstone of the Elder Sandstone of Silurian age. Prior to erosion to the present level, 
rocks in the upper plate of the Lander thrust were widely distributed on the east side of the 
Shoshone Range and likely extended across the drill sites and the nearby mineralized areas 
at Gold Acres and Tenabo.

GEOLOGY OF USGS NO. 1 DRILL SITE

USGS No. 1 is collared in a part of the upper plate of the Roberts Mountains 
allochthon that is cut by subhorizontal to gently dipping thrust faults and steep normal and 
possible wrench faults (fig. 2). Most of the rock types and formations found in the upper 
plate throughout the Gold Acres and Tenabo areas are present within a short distance of the 
drill hole. The stratigraphic and geographic relations of the map units during or after
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deposition are largely unknown because of the profound disruption caused by thrust 
faulting during the Antler orogeny. However, the age of the units exposed in the vicinity 
of the drill site and their stratigraphic identification now arc well documented. As noted 
earlier, the drill hole is located in a belt of mineralized rock that trends northwesterly across 
the Shoshone Range from Tenabo.

The oldest rocks in the area of the drill hole belong to the Valmy Formation of 
Ordovician age. They consist of quartzite, siliceous mudstone (or argillite), and minor 
limestone and chert and are exposed west, northwest, and northeast of the drill hole (fig. 
2). Quartzite is the most conspicuous of these rocks because of the prominence and 
continuity of its exposures in steep slopes and in protruding isolated phacoidal masses that 
are tens of feet to a few hundred feet long set in a matrix of less resistant siliceous 
mudstone. Most of the quartzite is light to medium gray, medium grained, and massive, 
with little or no hint of original bedding. The siliceous mudstone is one of the most 
abundant rock types in the Valmy in the Indian Creek area. Locally this unit weathers to a 
shaly rock, but in good exposures it is seen to be a distinctive greenish-black-weathering, 
thin-bedded rock that is thoroughly bioturbated and contains abundant evidence of worm 
borings. The greenish-black color and highly bioturbated character of this rock, which is 
sufficiently indurated to have been called argillite (Wrucke, 1974; Wrucke and 
Armbrustmacher, 1975) and to give it a superficial resemblance to chert in some outcrops, 
serve to distinguish it from all units in the Slaven Chert or other formations in the upper 
plate of the Roberts Mountains thrust in the Gold Acres and Tenabo areas. In the area of 
figure 2, black chert and interlayered medium-gray limestone of the Valmy are found only 
in a small exposure near the northeast corner. The Ordovician age of the Valmy in the 
Indian Creek area has been confirmed from graptolites in the mudstone (Gilluly and Gates, 
1965; W.B.N. Berry, written commun, 1972; R.R. Ross, written commun., 1975) and 
conodonts in the limestone (A.G. Harris, written commun, 1978).

A few exposures of the Elder Sandstone of Silurian age are found in thin thrust 
slices near the southwest and northeast corners of the area of figure 2. The rock is a light- 
brown calcareous siltstsone with subordinate amounts of grayish-brown sandy and silty 
limestone that has yielded age-diagnostic conodonts (A.G. Harris, written commun., 
1978).

The Slaven Chert of Devonian age is widespread in the Gold Acres and Tenabo 
areas and is abundant in the vicinity of USGS No. 1. It consists mostly of ribbon chert 
with thin mudstone interbeds, greenstone, small amounts of sandstone, and a locally 
conspicuous unit of chert-barite conglomerate (fig.2). The greenstone is stratigraphically 

interlayered with the chert and consists of spilitic basalt flows, a few of which contain
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EXPLANATION

Qa Alluvium (Quaternary)
Qg Gravel (Quaternary)
Tq Quartz porphyry (Tertiary)
Tfp Feldspar porphyry (Tertiary)

Slaven Chert (Devonian) 
Dsbc Barite-Chert conglomerate 
Dsc Chert 
Dsg Greenstone 
Dss Sandstone 
Se Elder Sandstone (Silurian)

Valmy Formation (Ordovician) 
Ovlc Limestone and chert 
Ovq Quartzite
Ovqs Quartzite, siliceous mudstone, and chert 
Ovs Siliceous mudstone 
Ovsq Siliceous mudstone and quartzite

The order in which units in the Ordovician and Devonian formations are 
listed does not reflect relative age.

Contact Long dashes where approximately located, short dashes
   - where inferred

sf Fault Long dashes where approximately located, short dashes 
where inferred, dotted where concealed. Tick mark and number 
show direction and amount of dips

-* * A *. Thrust fault Sawteeth on upper plate. Long dashes where 
approximately located

- |   Anticline showing direction of plunge

 |   Syncline

x Prospect

 < Adit

B Shaft

+ Drill hole
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abundant pillows (Wrucke and others, 1978). Though some of the chert and all of the 
greenstone in this area have been mapped as part of the Valmy Formation (Gilluly and 
Gates, 1965; Wrucke, 1974), these rocks, as mentioned earlier, now are known to be of 
Devonian age. Sandstone considered here to belong to the Slaven resembles some of the 
Elder Sandstone but commonly weathers brownish-red and appears to be interbedded with 
chert of the Slaven. The chert-barite conglomerate exposed a short distance east of the drill 
hole and on the hill to the south is distinctive for being a tightly packed clast-supported 
mass of pebbles, mostly of pale-brown chert but locally with as much as 30 percent 
rosettes of gray barite. The Devonian age of the conglomerate is assumed from its apparent 
interbedding with typical black chert of the Slaven. The age of the Slaven on the eastern 
side of the Shoshone Range has been determined from conodonts (Gilluly and Gates, 
1965; A.G. Harris, written commun, 1978) and radiolarians (C.T. Wrucke, unpub. data; 
Jones and others, 1978).

Tertiary rocks in the vicinity of the drill hole are feldspar porphyry and quartz 
porphyry in dikes. The feldspar porphyry is thought to be related to the Oligocene 
granodiorite at Granite Mountain exposed as close as 2.1 mi (3.4 km) northwest of the drill 
hole or to the granodiorite porphyry stock at Tenabo 1.9 mi (3.1 km) southeast of the hole. 
Quartz porphyry dikes are sparse near the dill hole, and those exposed are only a few 
meters in length. They may be important to the economic geology of the area because 
similar dikes closer to Tenabo are related to gold mineralization of Oligocene age.

The structural position of the drill hole is high in the lowest of the two main plates 
discussed earlier as comprising the Roberts Mountains allochthon in the Gold Acres and 
Tenabo areas. The Lander thrust, which marks the sole of the next higher main plate at the 

base of a thick sequence of strata of the Valmy Formation, is exposed as close as 0.3 mi 
(0.5 km) west of the drill hole and, prior to erosion, extended only a short distance above 
the collar of the hole. This thrust can be followed south from the area of the drill hole to 
the Gold Acres area and north and northeast to the mountain front. North-northwest- 
trending steep faults offset the Lander thrust and underlying rocks down to the east. They 
are considered to be mostly normal faults, but some of them conceivably could have had a 
strike-slip component of offset. The most prominent of the steep faults in the vicinity of 
the drill hole is the Gold Quartz fault (fig. 2), 0.25 mi (0.4 km) east of the hole and 
traceable southward to the mining area at Tenabo. Vertical offset down to the east across 
the Gold Quartz fault appears to increase northward from the Tenabo area. Northeast- 
striking steep faults cut as well as merge with faults of the north-northwesterly set (fig. 2; 
Wrucke, 1974), indicating that both sets probably are approximately contemporaneous. 

Northerly trending anticlines and synclines also are found in the vicinity of the drill hole
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(fig. 2). The entire area shown in figure 2 is part of a broad, poorly defined north- 
northwest-trending anticlinal hinge discussed earlier as important in siting USGS No. 1. 
The hinge line of this fold lies between the hole and the Gold Quartz fault, extends an 
unknown distance to the north, and continues south to the Gold Acres area. The hinge 
passes about 0.4 mi (0.6 km) west of the Gold Quartz Mine at Tenabo (Wrucke, 1974).

Mineral deposits in the vicinity of USGS No. 1 are in the Lander subdistrict of the 
Bullion mining district (Stager, 1977, p. 74). Lander (fig. 2) is the site of the oldest 
mining camp in the Bullion district on the eastern slope of the northern Shoshone Range 
and was active in the 1870s and 1880s (Emmons, 1910). The Silver Sides Mine, locally 
known as the Lander Mine, is 0.33 mi (0.53 km) southeast of USGS No. 1. It was a 
silver-lead mine active in this early period (Emmons, 1910; Stager, 1977) and had 
production valued when sold at $5,000-$ 100,000 (Stager, 1977). The Bonnie Jean 
(Lovie) Mine, 1.4 mi (2.3 km) north-northwest of the drill hole, produced $300,000 in 
silver in the early days of mining in the Lander area (Lincoln, 1923; Stager, 1977). A 
number of turquoise mines are east of the area of figure 2 (Stager, 1977; Monissey, 1968). 
The nearest mine in the Tenabo area is the Little Gem, 1.4 mi (2.3 km) southeast of USGS 
No. 1. This mine has produced copper, silver, and arsenic (Vanderburg, 1939; Emmons, 
1910; Stager, 1977). Many of the old mines in the Tenabo area were obliterated by mining 
activity in the 1970s and 1980s.

LITHOLOGY OF USGS NO. 1

Rocks in the upper and lower plates of the Roberts Mountains thrust were 

penetrated in USGS No. 1. Upper plate rocks are mostly siliceous and similar to those 
exposed in the vicinity of the drill hole, but calcareous rocks also are present, and some of 
the siliceous rocks are variably calcareous. The Roberts Mountains thrust was cut at a 
depth of 2,938 ft (895.5 m). Rocks in the lower plate are mostly calcareous, though 
siliceous lithologies are present at the bottom of the hole. Although rocks clearly identified 
as metamorphic are found as high as about 580 ft (176.8 m) below the collar, abundant 

metamorphic rocks begin at much lower depths. Felsic igneous rocks and lamprophyre, 

probably representing dikes, were penetrated at numerous intervals in the upper and lower 
plates.

A detailed lithologic log of the rocks drilled at the Indian Creek hole is given in table 
1, and a generalized graphic depiction of the rocks penetrated is given in figure 3. The log 
was made from cuttings recovered from the surface to a depth of 170 ft (51.8 m) and from 
core obtained below 170 ft (51.8 m) to the bottom of the hole at 3,996 ft (1,218.0 m). No
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Depth 
in Feet

500

1000 -

1500 H

2000 -

2500 -

3000 -

3500 -

3996 -
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chert with lesser lominoted siliceous 
mudstone ond rore colcoreous interbeds

J quartz porphyry dlk«

chert interbedded with colcoreous ond siliceous 
mudstone

   silty limestone bed

chert with interbedded skorn,biotite siliceous 
hornsfels ond cole-silicote hornfelsI
chert with lesser hornfels ond minor skorn 

interbeds

   lomprophyre dike
  highly contorted bedding

   lomprophyre dike
   gronodiorite dike
   lomprophyre dike

-highly contorted bedding

Roberts Mountoins Thrust?
-plogioclose porphyry dike
-skorn ond diosidic hornfels
-plogioclose porphyry dike
morble ond cole silicote hornfels

lomprophyre dikes
skorn ond cole silicote hornfels 

Lquortz monzonite dike

limestone with loco I skorn 
ond cole silicote hornfels

siliceous mudstone;highly contorted bedding

contoct between dominontly carbonote 
ond dominontly siliceous rocks

ooo Chert

^^^= Siliceous mudstone 
' J  '  ' - Limestone 

»*»»»» Skarn 
        Hornfels

Figure 3. Generalized lithologic description of USGS No. 1
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calculation of the percentage of core recovered was made, but below 170 ft (51.8 m) 
recovery was excellent for most cored intervals and is estimated generally to have been 
considerably greater than 50 percent. The log gives the most common rock cored in a 
given interval. For some intervals, significant variations from the common rock type are 
noted, as are breccia zones, quartz veins, sulfide-bearing veins, and other features 

considered to be of unusual interest.
Depth to the bottom of the alluvium at the top of the hole was difficult to determine 

during drilling because the alluvium and the bedrock to a depth of 100+ ft (30 m) consist of 
broken chert, but the alluvium is estimated to be about 30 ft (9.1 m) thick.

Rocks in the upper plate of the Roberts Mountains thrust extend to a depth of 2,938 

ft (895.5 m). Chert with interbedded siliceous mudstone and their metamorphic 
equivalents are the most abundant lithologies in the upper plate. Chert in beds commonly a 
few inches (5 cm) or more thick are found in sequences as thick as tens of feet (6 m or 
more). Commonly mudstone interbeds are in layers less than an inch (2.5 cm) to about 1 ft 
(0.3 m) thick, but mudstone sequences 10 ft (3.0 m) thick are not rare, and a few are as 
thick as 30 ft (9.1 m). Some of the mudstone is calcareous but most is noncalcareous. The 

interval 785-909 ft (239.3-277.1 m) is distinctive and unusual in consisting of about 60 
percent laminated to thin-bedded rock that varies from calcareous siltstone to silty limestone 
with 40 percent black thin-bedded mudstone.

Lower plate rocks extend from a depth of 2,938 ft (895.5 m) to the bottom of the 
hole at 3,996 ft (1,218.0 m). Where least metamorphosed, rock in the interval 2,938- 
3,930 ft (895.5-1,197.9 m) is a recrystallized medium-light- to medium-dark-gray 
laminated limestone, silty in some intervals and nonsilty in others. Rock below 3,930 ft 
(1,197.9 m) is a dark-gray to black, highly deformed siliceous mudstone consisting of 
intricately stacked lenticular masses, or phacoids, about an inch (2.54cm) long that might 
have formed in a fluidized debris flow. However, the abundant carbon-rich 
seams that separate phacoidal domains are continuous and anastomosing and more 
suggestive of penetrative slip surfaces and intense deformation after deposition than of a 
coarsely clastic debris flow. This unit closely resembles upper plate rock. The 
stratigraphic identification of this rock is unknown.

Much of the core consists of metamorphosed rock, though the metamorphic grade 
varies widely. Light-gray chert as high in the core as the interval 171-174 ft (52.1-53.0 m) 

contains conodonts (discussed in the next section) that have a Conodont Alteration Index 
(CAI) of 6-1/2, indicating that the host rock reached temperatures of 400°-500°C (A.G. 
Harris, written commun., 1977). Harris found that light-gray chert in the intervals 619- 
634 ft (188.7-193.2 m) and 668-693 ft (203.6-211.2 m) has a lower CAI (5-1/2),
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indicative of temperatures of about 350°C. The highest position of hornfels, developed 
from metamorphosed siliceous mudstone, is at 580.2 ft (176.8 m), and the highest skarn is 
at 1,091 ft (332.2 m). Yet, down to 1,169.5 ft (356.5 m), most of the rocks are not 
obviously metamorphosed, whereas below that depth all of the siliceous mudstone is 
purplish-brown calcareous or noncalcareous phlogopite-bearing hornfels, and most of the 

rock that was limestone is now skarn or marble.
The felsic igneous rocks consist of quartz-bearing and feldspar-rich (granodiorite) 

porphyries. These are highly altered rocks that have textures that are microaplitic. 
Lamprophyre dikes are found in upper plate and lower plate rocks in the core as are felsic 
dikes. All of the lamprophyre dikes are unmetamorphosed and relatively unaltered.

AGE AND CORRELATION OF ROCKS DRILLED IN USGS NO. 1

The unmetamorphosed rocks cored in the upper plate of the Roberts Mountains 
thrust at Indian Creek closely resemble rocks of the Slaven Chert that crops out widely in 
the Gold Acres-Tenabo area. Metamorphosed upper plate rocks in the core are similar to 
hornfels of the Slaven on Altenburg Hill south of Tenabo. Conodonts found in the 
intervals 171-174 ft (52.1-53.0 m), 619-634 ft (188.7-193.2 m), and 668-693 ft (203.6- 

211.2 m) are consistent with this interpretation. Anita G. Harris of the U.S. Geological 
Survey (written commun., 1977,1978) identified Palmatolepis sp. in each of these zones. 
Palmatolipids are restricted to the Late Devonian. No fossils were found in core from 
lower plate rocks, and the stratigraphic identification of these rocks is uncertain.

GEOLOGY OF USGS NO. 4 DRILL SITE

Rocks exposed in the vicinity of USGS No. 4 belong principally to the Slaven 
Chert and the Elder Sandstone and are in the lower of the two main thrust sheets, described 
earlier, as making up the Roberts Mountains allochthon in the Gold Acres area. Quaternary 
deposits in the area consist of older alluvium on some ridges and Holocene alluvium in 
stream channels. The ribbon chert that crops out widely near the drill site was shown by 
Gilluly and Gates (1965) to be in the Slaven Chert. Wrucke (1974,1975) reinterpreted the 
chert as belonging to the Valmy Formation, based on observations that the chert is in 
sedimentary and igneous contact with greenstone, rather than thrust contact as shown by 
Gilluly and Gates for the area around Gold Acres and Tenabo. In the 1960s and 1970s, the 
age of the greenstone in those areas was considered to be Ordovician (Gilluly and Gates 
1965; Wrucke and others 1978). However, radiolarians from the Gold Acres and Tenabo
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areas clearly show that the chert is of Devonian age and, therefore, is part of the Slaven 
Chert (C.T. Wrucke, umpub. data). Greenstone interlayered with the chert also must 
belong to the Slaven. Bodies shown by Gilluly and Gates as quartz porphyry in the area 
just south of the drill hole are bleached, but they lack evidence of quartz. Petrographic 
examination shows that they originally had textures of greenstone and therefore were 

shown by Wrucke (1974) to be altered greenstone, now considered to belong to the 
Slaven. Alteration that modified the greenstone also affected the host chert and is the result 
of emplacement of the buried Cretaceous granitic intrusive discussed previously as 
underlying an area that trends northwest from Gold Acres. The area of altered rocks begins 
about 1,000 ft (305 m) south of the drill hole. USGS No. 4 was drilled as close as 
considered reasonable to the area of altered and metamorphosed rock in hopes of cutting the 

Roberts Mountains thrust without penetrating the buried pluton.
USGS No. 4 is collared in a part of the upper plate of the Roberts Mountains 

thrust that appears to be relatively uncomplicated structurally .compared to upper plate rocks 
in most parts of the Gold Acres area. Map patterns of chert and greenstone in the Slaven 
Chert suggest relatively flat-lying rocks and few mappable steep faults. Northerly dips of 
the base of the greenstone on the steep north-facing slope of the ridge south of the drill hole 
suggests that rocks in that area may be arched over the Cretaceous pluton buried beneath 
the ridge, though other evidence of the arch is sparse. The Roberts Mountains thrust is 
thought to rise gradually eastward from its 890 ft (271.3 m) depth in the drill hole. The 
thrust may rise more steeply as it approaches the steep Gold Acres fault that bounds the 
northwest side of the Gold Acres window (Wrucke, 1974) because near the window 
greenstone bodies in the upper plate crop out parallel to the Gold Acres fault as narrow 
bands, suggestive of steeply dipping bodies.

LITHOLOGIC LOG AND CORRELATION OF ROCKS DRILLED IN
USGS NO. 4

A summary of the rocks drilled in USGS No. 4 is discussed here along with new 
information on the formations penetrated in the hole. A detailed log is given by Wrucke 
(1975). Alluvial sand and gravel are present from the surface to a depth of 28 ft (0-8.5 m). 
Cuttings were the only materials recovered from the surface to a depth of 1,200 ft (366 m), 
but core was obtained from that depth to the bottom of the hole at 1,916 ft (584.0 m).

Rocks in the upper plate of the Roberts Mountains thrust were penetrated from a 
depth of 28.0 ft (8.5 m) to 890 ft (271.3 m). In the interval 28-255 ft (8.5-77.7 m), the 
rocks are medium-gray chert and siliceous mudstone (or argillite), with pale brown to pale-
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brownish-gray calcareous siltstone in the interval 55-75 ft (16.8-22.9 m). Siliceous 
mudstone is about equal in volume to chert above the sandstone but greatly dominates over 
chert below the siltstone. This sequence of chert, siliceous mudstone, and siltsone down to 
a depth of 255 ft (77.7 m) was interpreted by Wrucke (1975) as belonging to the Valmy 
Formation but here is considered to be in the Slaven Chert. No greenstone, present in the 
Slaven at the surface near the drill hole, was found in the core. From 255 to 380 ft (77.7- 
115.8 m), the rock is light-gray calcareous siltstone with subordinate siliceous mudstone 
and chert. Rocks in this interval probably belong to the Elder Sandstone, as indicated by 
Wrucke (1975), but no unequivocal criteria have been found to distinguish siltstones of the 
Elder and Slaven. Rocks in the interval 380-890 ft (115.8-271.3 m) consist of 90 percent 
chert and 10 percent siliceous mudstone. Both rock types are light to medium gray and 
contain minor disseminated pyrite. They are considered here to belong to the Slaven.

Rocks drilled in the lower plate of the Roberts Mountains thrust consist of 
limestone and calc-silicate hornfels. Medium-gray to very dark-gray laminated to thin- 
bedded carbonaceous limestone containing minor tremolite and abundant pyrite is present in 
the interval 890-1,300 ft (271.3-396.2 m). A composite sample from core from the 
interval 1,209-1,299 ft (368.5-395.9 m) yielded conodonts considered by Anita G. Harris 
(written commun., 1978) as indicating conodont zone Icriodus woschmidti , which she 
stated extends from latest Silurian to earliest Early Devonian. According to Harris, this 
zone is found in a 200-ft (61.0 m) interval near the top of the Roberts Mountains Formation 
in its type area in the Roberts Mountains. She also reported that the conodonts have a CAI 
of 6, indicating the host rock reached at least 400°C. From 1,300 ft (396.2 m) to the 
bottom of the hole, the rocks are calc-silicate hornfels with a few sequences of dark-bluish- 
gray limestone as thick as 120 ft (36.6 m). The hornfels is pale green to pale greenish 
gray, fine grained, and calcareous and in a few intervals is folded. Correlation of the 
hornfels and interlayered limestone with a known formation has not been established 
firmly, but these rocks could belong to the Roberts Mountains Formation. Galena veins 2 
in. (5 cm) and 3 in. (8 cm) wide are at depths of 1,849 ft (563.6 m) and 1,856 ft (565.8 
m). Strata of the Roberts Mountains Formation(?) in the vicinity of the drill hole could be 
the source of thrust slices picked up during thrusting and transported eastward beneath the 
sole of the Roberts Mountains thrust to the Gold Acres Mine (Wrucke and 
Armbrustmacher, 1969, 1975).
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CHARACTER AND DISTRIBUTION OF MINERALIZED ROCKS AT THE 
SURFACE IN THE VICINITY OF THE DRILL HOLES

Mineralized rocks on the east side of the Shoshone Range in the area of the USGS 
drill holes arc found in two northwest-trending belts (Wrucke and others, 1968; Wrucke 
and Armbrustmacher, 1975,1973). One belt extends from the mountain front at Gold 
Acres northwest about 6 mi (9.7 km). The other belt can be traced from Tenabo across the 
Shoshone Range and is part of the Battle Mountain-Eureka mineral belt (Roberts, 1966). 
Both belts are defined by anomalous concentrations of many elements and by nunmerous 
prospects and a few mines. USGS No. 1 is in the northern belt; USGS No. 4 is in the 
southern belt The large disseminated gold deposit at Gold Acres is at the eastern end of 
the southern belt.

The northern belt, for a distance of about 4 mi (6.4 km) northwest from the 
mountain front, was studied by Wrucke and others (1968), who found that this part of the 
belt is well defined by the distribution of arsenic, antimony, copper, gold, lead, mercury, 
silver, and tin, and less well by the distribution of cadium, molybdenum, and zinc. All of 
the metals mentioned here, except tungsten, are greatly enriched around the Tertiary 
granodiorite stock at Tenabo. Tungsten is found in anomalous concentrations at the stock 
only at a few localities. High concentrations of bismuth are restricted to the immediate 
vicinity of the stock, whereas mercury and silver are distributed in high concentrations 
fairly evenly. Copper and load and placer gold have been produced from each of three 
mines at the southeastern end of the northern belt, and silver and lead have been mined at 
two groups of mines centered approximately 2 mi (3.2 km) and 4 mi (6.4 km) northwest of 
the mountain front at Tenabo (Stager, 1977). USGS Drill Hole No. 1 lies between the two 
groups of silver-lead mines. Silver mines are abundant in the northern belt in the central 
and northwestern parts of the Shoshone Range northwest of the drill hole, and a few gold 
properties are present in the mineral belt in the central part of the range (Stager, 1977). 
Gold, silver, and base metals have been found in altered chert associated with a weak 
porphyry copper-molybdenum deposit in the northern belt at Hilltop, 11.5 mi (18.5 km) 
northwest of USGS No. 1 (Desrochers, 1984). The precious-metal system at Hilltop has 
been classified as a sedimentary rock-hosted distal disseminated silver-gold deposit (Cox 
and Singer, 1990). Turquoise, mentioned earlier, is found in numerous deposits in the 

southeastern part of the belt and has been one of the principal commodities produced in the 
eastern part of the range (Stager, 1977; Morrissey, 1968). In recent years, the Tenabo area 
has been explored extensively for disseminated gold.
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The southern belt is well defined by arsenic, bismuth, copper, lead, mercury, 
silver, tin, and zinc and to a lesser degree by antimony (Wrucke and others, 1968). 
Cadmium and molybdenum are weakly distributed along the belt, whereas mercury and 
silver, as in the northern belt, are the best delineators of the northwesterly trend of 
mineralized rocks. Antimony, lead, silver, and tin are concentrated more in the 
northwestern than in the southeastern part of the belt. Tungsten follows the pattern that it 
has in the northern belt in being restricted in distribution to one area, in this case to the 
vicinity of Gold Acres, close to known occurrences of a buried granitic pluton. Gold, 
though shown by Wrucke and others (1968) as concentrated only around Gold Acres, in 
recent years also has been produced at the Elder Ridge Mine (sec. 18, T.28N., R.16E.), 
which is in the northwest-central part of the belt east of the Utah Mine. Mines in the 
southern belt have similarities to the northern belt in that silver and lead have been produced 
northwest of the areas of gold production, and turquoise deposits are known, though they 
are less abundant than farther north (Stager, 1977).

The distribution of elements in the mineralized belts is suggestive of at least three 
suites of elements, a base metal suite, a molybdenum-tungsten suite, and a gold suite. The 
relative abundance of elements in each suite differs in the two mineralized belts as indicated 
by the size of the areas where various concentrations are found for any specific element 
Most elements show a wide range of concentrations to as much as several orders of 
magnitude above crustal abundance.

The base metal suite almost certainly reflects an assemblage of sulfide minerals 
containing bismuth, cadium, copper, lead, mercury, silver, and zinc. Galena, sphalerite, 
pyrite, and pyrrhotite are present in core from USGS No. 1, and galena and pyrite are 
present in USGS No. 4. Copper ore has been reported at Tenabo (Stager, 1977), and 
chalcopyrite has been identified at Gold Acres (Armbrustmacher and Wrucke, 1978). A 
more detailed study of the base metal suite at Gold Acres is given by Wrucke and 
Armbrustmacher (1975) and Armbrustmacher and Wrucke (1978).

The molybdenum-tungsten suite is defined by anomalous concentrations of 
molybdenum and tungsten in contact metamorphic rocks adjacent to granitic rocks at 
Tenabo and Gold Acres (Wrucke and others, 1968) together with molybdenite and scheelite 
in skarn and granitic rock at Gold Acres. Although these minerals have not been found in 

the northern belt, the similarities in distribution of molybdenum and tungsten in the belt, 
despite the relatively weak concentrations of tungsten, are permissive of a geochemical 
association. High concentrations of both metals rarely are found distant from granitic rocks 
in these areas. The strong association of these elements with contact metamorphosed rocks
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implies an origin related to the Oligocene granodiorite stock at Tenabo in the northern belt 
and to the Cretaceous pluton at Gold Acres in the southern belt.

The most recent determination of the elements associated with gold in the southern 
belt is by Hays and Foo (1991), who concluded that at Gold Acres the gold suite includes 
gold, antimony, arsenic, mercury, and thallium. These elements belong to the well known 
suite commonly found in carbonate-hosted disseminated gold deposits (Berger, 1986). 
Romberger (1986) lists high concentrations of antimony, arsenic, mercury, and thallium as 
common to disseminated gold deposits regardless of host. Of the elements considered by 
Berger (1986) and Romberger (1986) as occurring with gold in disseminated deposits, 
Hays and Foo (1991) found that antimony, arsenic, mercury, and thallium have a 
geochemical association with gold at Gold Acres and that the strongest association is with 
thallium. They also found that gold correlates poorly with copper and zinc of the base- 
metal suite.

A gold suite of gold, antimony, arsenic, mercury, and possibly tungsten has been 
considered as present in the northern belt, though it was recognized that gold in this belt 
also coexists with other elements (Wrucke and others, 1968). Elements that make up the 
suite are found in large parts of the northern belt, but a geochemical association between 
them, as discussed later, was not found in samples from core at USGS No. 1. However, 
the possibility remains that elements of the gold suite around the granitic stock at Tenabo 
are associated geochemically.

AGE OF MINERALIZATION

The wide distribution of the base-metal suite along the northern and southern 

mineralized belts of the eastern Shoshone Range is strongly suggestive of an association 
with granitic rocks that underlie significant parts of both belts. The molybdenum-tungsten 
suite in the southern belt, as discussed earlier, also clearly is associated with granitic 
bodies. In the southern belt, introduction of the base-metal suite followed deposition of the 
molybdenum-tungsten suite after emplacement of the large Cretaceous pluton buried 
beneath the Gold Acres Mine and areas to the northwest beneath the 3-mi (4.8 km)-long 

zone of altered rocks (Wrucke and Armbrustmacher, 1975). This pluton has an age of 

98.812.0 Ma (Silberman and McKee, 1971). In the northern belt, granitic rocks crop out 
in two bodies, a small stock of granodiorite porphyry at Tenabo (Wrucke, 1974) and a 
granodiorite pluton at Granite Mountain 5 mi (8 km) northwest of Tenabo (Gilluly and 
Gates, 1965). A porphyry type copper-molybdenum deposit in the northern belt at Hilltop, 
9.7 mi (15.5 km) northwest of Tenabo is considered to be related to emplacement of the
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host granitic stock (Desrochers, 1984), which may be part of the body at Granite 
Mountain. This deposit should not be confused with the gold deposit, discussed later, that 
is farther east at Hilltop. Ages obtained from the granodiorite at Granite Mountain range 
from 38.0 to 36.0 Ma. Evidence that granitic rock may exist beneath significant parts of 
the northern belt is provided by metamorphosed rock at depth in core from USGS Drill 
Hole No. 1 located between these bodies. Additional evidence is from the irregular 
northwestern margin of the stock at Tenabo, which is suggestive that the body has a 
relatively gentle dip to the northwest toward the drill hole and could project beneath the 
hole. The two granitic bodies may be higher parts of a single intrusive mass. The average 
of five ages from the stock at Tenabo is 37.6 Ma (McKee and Silberman, 1970), about the 
same as the granitic rock at Granite Mountain. If the mineralization between Tenabo and 
Hilltop is related to the granitic bodies just discussed as assumed, it would be, therefore, in 

the range of 38-36 Ma.
Desrochers (1984) speculated that the gold-silver-base-metal deposit at Hilltop may 

be related to caldera collapse interpreted as occurring at Mount Lewis in the Oligocene, 
probably shortly after 33.2 Ma (Wrucke and Silberman, 1975,1977). However, the 
absence of clear evidence of intrusive rocks younger than about 33 Ma in the Hilltop area 

leads us to suggest that the precious metal-base-metal deposit more likely is associated with 
emplacement of the granitic rocks in the northern belt.

The largest gold deposits in the northern and southern belts are associated with 
rhyolite dikes. In the northern belt, the highest concentrations of gold at the surface are 
localized near rhyolite dikes that intruded the granodiorite porphyry stock and its host rocks 
at Tenabo. Ages from one of the dikes have a range of 35.3-34.4 Ma (McKee.and 
Silberman, 1970). Scattered concentrations of gold in the parts per million range also are 
found along the belt northwest of the rhyolite dikes (Wrucke and others, 1968) and may be 
related to emplacement of the granitic plutons. In the southern belt, the greatest 
concentration of gold-bearing rock is in the Gold Acres area. Wrucke and Armbrustmacher 
(1975) concluded that the gold suite at Gold Acres developed after deposition of 
molybdenum, tungsten, and the base-metal suite during waning stages of hydrothermal 
activity associated with the buried Cretaceous pluton. Berger and Bagby (1991, p. 239) in 
a review of the Carlin-type gold deposits, infer that there may be a genetic link between 
tungsten skam-producing magmas, as at Gold Acres, and Carlin-type mineralization. 
However, Rytuba (1985) has shown that the gold at Gold Acres is associated with altered 
rhyolite porphyry dikes now widely exposed at the mine. These dikes are related to the 
Caetano Tuff and provided heat for the hydrothermal event during gold deposition. 
According to Rytuba, whose conclusions have been incorporated in an ore-occurrence
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model for Gold Acres (Tooker, 1985, p. 120-123), the hydrothermal mineralization took 
place at 32.5±2 Ma after eruption of the tuff at the Cortez caldera, centered approximately 
10 mi. (16 km) south-southeast of Gold Acres. Possibly some gold was deposited at Gold 
Acres as a result of emplacement of the Cretaceous pluton, but the location of the 

disseminated gold deposits at Cortez and Horse Canyon, approximately 8 mi (13 km) and 

13 mi (21 Km), respectively, southeast of Gold Acres, as well as at Gold Acres subparallel 
to and within a few kilometers of the margin of the Cortez caldera and close to rhyolite 
dikes similar to those in the Caetano Tuff (Rytuba, 1985) strongly suggests that the 
principal episode of gold deposition at Gold Acres is genetically associated with Oligocene 
volcanic activity.

CHEMICAL ANALYSES

Chemical analyses of core from USGS No. 1 are given in tables 2 and 3. Analyses 
of core samples from USGS No. 4 are given by Wrucke (1975) and are not repeated here. 
Table 2 gives data from analyses performed by the U.S. Geological Survey during and 
shortly after the drilling. Table 3 presents data from analyses performed by Bondar-Clegg 

of Sparks, Nevada, from samples collected during the present study. Samples submitted 
for the chemical analyses in both tables consisted of representative chips collected 
systematically from broken core in the intervals indicated.

For table 2, analytical determinations were made for 27 elements by a 
semiquantitative spectrographic method (Ward and others, 1963; Grimes and Marranzino, 
1968). Gold was determined by a wet chemical method using atomic absorption 

spectrophotometry (Thompson and others, 1968). Mercury was analyzed instrumentally 
by an atomic absorption technique outlined by Vaughn and McCarthy (1964). No analyses 
were obtained for the interval 0-169.5 ft (0-51.7 m). Analytical data in table 3 are for 17 
elements made by quantitative methods. Gold was analyzed by fire assay-atomic 
absorbtion techniques, barium by x-ray fluorescence, selenium by plasma emission 
spectroscopy, and all other elements by inductively coupled plasma-atomic emission 
spectroscopy.

GEOCHEMISTRY OF USGS NO. 1

Chemical analyses of core from USGS No. 1 were examined to determine the 
variation of elements with lithology and the geochemical association of the elements.
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Analyses used in this examination are those obtained in 1967 (table 2) and 1989 (table 3). 
Table 2 gives data from semiquantitative analysis for 27 elements (Au, Ag, As, B, Ba, Be, 
Bi, Cd, Co, Cr, Cu, Hg, La, Mn, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Sr, V, W, Y, Zn, and Zr) 
from 531 core samples. Table 3 gives data from quantitative analysis for 17 elements (Au, 
Ag, As, Bi, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Se, W, Zn, Hg, and Ba) from 93 core 
samples. Both data sets were obtained from samples collected from core intervals 
commonly 10 ft (3.0 m) long. A summary of statistics for 11 elements in samples from 
USGS No. 1 calculated from analyses in table 7 (modified from table 3) are provided in 
table 6.

Strengths of association between elements reported in tables 2 and 7 were 
determined by Spearman's correlation test and reported in tables 4 and 5, respectively. The 
Spearman method was used because it its based on nonparametric rank-correlation tests that 
make no assumptions about the population distribution and, therefore, can be used for 
elements whose distributions are nonnormal (fig. 5,6). In order to provide as complete a 
data matrix as possible for the strength-of-association calculations for tables 3 and 4, 
concentrations reported as "less than" and "more than" were replaced by numerical values. 
Substitutes for "less than" determinations are 50 percent of the detection limit, rounded to 
the next highest whole number where concentrations for an element are reported only as 
whole numbers, and "greater than" determinations are replaced with the value for the upper 
limit reported. Table 7, based on the quantitative data in table 3, gives the substituted 
values and all other values used in determining the Spearman correlations for table 5. For 
purposes of this report, low correlations determined by the spearman rank calculations are 
those whose values are below 0.3, moderate correlations have values between 0.3 and 0.5, 
and high correlations have values greater than 0.5. This ranking is based on the fact that 

for 30 observations using the Spearman rank test a correlation of 0.3 is significant at the 95 
percent confidence level, and a correlation of 0.5 is significant at a confidence level greater 
than 99.5 percent but less than 99.9 percent (Davis, 1986, p. 100). Davis does not present 
confidence limits for more than 30 observations, but, clearly, the 93 observations used to 
calculate correlation coefficients of table 5 would provide greater confidence limits in the 
moderate and high classifications than those based on 30 observations.

Gold

Data on gold in tables 2 and 3 are presented graphically in figure 4. The data show 
that gold in samples from USGS No. 1 is concentrated through a thicker zone and reaches 
higher concentrations in the 425-ft (129.5 m)-thick depth interval of 770-1,195 ft (234.7-
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364.2 m) than elsewhere in the core. The highest gold content from quantitative analysis in 
this interval is 657 ppb, found in the sample from 995-1,005 ft (303.3-306.3 m). The next 
thickest interval of high gold concentrations is 170 ft (51.8 m) thick, from about 1,985 ft to 
2,155 ft (605.0-656.8 m), where the highest value from quantitative analysis is 486 ppb. 
This value was from a sample from 2,030-2,040 ft (618.7-621.8 m). These gold-rich 
zones are well defined by the semiquantitative and the quantitative analyses. A few 
additional intervals with high concentrations of gold are shown in figure 4. Quantitative 
analyses (table 3) are available for all depth intervals identified by semiquantitative analyses 
(table 2) as having high concentrations of gold, but not necessarily from other depth 
intervals. Quartz porphyry or feldspar porphyry dikes are found in or near some zones of 
high gold values but not others. The data show that concentrations of gold are more 
abundant above than below the Roberts Mountains thrust. Visual inspection of figure 4 
suggests that high gold contents are not strongly associated with any single rock type but 
instead tend to be associated with zones of sulfide veins or with sulfide-bearing skarn 
zones. High concentrations of silver, arsenic, copper, and zinc and in some cases of lead, 
mercury, and antimony are found in zones of high gold contents, though not necessarily in 
the same samples as those with high concentrations of gold. Spearman rank correlation 
coefficients given in table 5 for the quantitative data show that gold has a high correlation 
with silver and arsenic and a moderate correlation with copper and zinc. Correlation 
coefficients based on the quantitative analyses are considered more useful than those from 
the semiquantitative data for showing associations with gold because of lower detection 
limits for some elements and less truncation of analytical data for others. Figure 5 shows 
the highly truncated distribution of gold, arsenic, and silver concentrations of the old data 
(table 2) and is to be compared with figure 6, which shows a more complete but decidedly 
skewed distribution of the newer data (table 3). The high association of gold with silver in 
the core samples would be expected from the fact that concentrations of gold are found in 
sulfide-rich zones. This association supports the findings from geochemical samples 
collected at the surface in and near the Indian Creek area northwest of the Tenabo area (fig. 
1,2), where surface samples show that gold and numerous base metals are distributed in 
the vicinity of silver mines.

The geochemical association of gold with silver and several base metals in the core 
indicates an origin different from that of the Gold Acres deposit. Low values for 
correlations of gold with mercury and antimony together with high and moderate 
correlation values of gold with silver, arsenic, copper, and zinc at USGS No. 1 indicate 
that gold deposition originated not under conditions commonly found at disseminated gold 
deposits, which involve the gold suite of arsenic, antimony, mercury, and thallium, but
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instead was the result of silver-base-metal mineralization. Geochemically and lithologically 
the gold-bearing rocks at USGS No. 1 closely resemble intrusion-related distal skarn 
deposits of Sillitoe (1991).

The concentration of gold in core from USGS No. 1 generally is low compared to 
that of bulk-minable precious metal deposits in the western U.S. As mentioned earlier, 
gold contents reported in table 3 are from samples collected mainly in parts of the core 
known from data obtained earlier and reported in table 2 to have concentrations of gold. 
Statistical calculations performed on the data for gold in table 3 and summarized in table 6 
show that despite a maximum value of 657 ppb, the median value is only 27 ppb and the 
geometric mean is about 25 ppb. For comparison, Bohnam (1985) reported that economic 
recovery of gold using heap-leaching techniques required ores containing gold contents of 
at least 2,000 ppb (0.06 troy oz/ton). Ore grade at the relatively high-grade bulk-minable 
ore body at Carlin, Nevada, is 18,000 ppb (Bonham, 1985). However, USGS No. 1 was 
drilled for geologic information at a site choosen not for the abundance of elements or the 
search for ore but, as discussed earlier, for its structural setting.

Copper, Chromium, Molybdenum, and Nickel

Data in table 5 show that chromium, copper, molybdenum , and nickel have 
moderate to strong correlation with one another. Stong correlation is shown between the 
pairs chromium-molybdenum, copper-chromium, copper-molybdenum, and molybdenum- 
nickel. The strongest correlation is of molybdenum-nickel at 0.75. Data from table 4 
suggest that vanadium, not reported in table 5, is geochemically associated with this suite 
because it has moderate to strong correlations with all elements in it The strongest 
correlations shown in table 4 are 0.611 for molybdenum-nickel, 0.692 for molybdenum- 
vanadium, and 0.767 for nickel-vanadium. Data in table 4 also suggest a moderate to 
strong correlation of cobalt with the copper-chromium-molybdenum-nickel suite, but this 
association is not confirmed in table 5, possibly because of the smaller data set than that 
used for table 4.

The elements in the chromium-copper-molybdenum-nickel suite are those enriched 
in black shales (Vine and Tourtelot, 1970; Huyck, 1990) and, with the exception of 

chromium, in deep-sea clays (Turekian and Wedepohl, 1961), as are many other trace 

elements, probably as a result of ionic substitution in clays and adsorption in organic matter 

(Krauskopf, 1979, p. 482). The abundance of black siliceous mudstone and its 

metamorphic equivalent in the core likely is one reason for the presence of this suite in 
samples from Drill Hole No 1. These elements also are enriched in basalt compared to
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crustal averages (Taylor, 1964). Studies have shown that deep-sea clays in the equatorial 
Pacific contain abundant products of oceanic volcanism, andesitic and basaltic (Heath, 
1969); therefore, mudstone such as that in the Roberts Mountains allochthon would be 
expected to contain a significant component of basaltic origin. Moreover, basalt flows and 
pillows are present in the allochthon.

Another reason for the association of chromium, copper, molybdenum, and nickel 
in material from USGS No. 1 is that, as discussed earlier, they correlate with elements 
found with gold or elements associated with gold. Each element in the chromium-copper- 
molybdenum-nickel suite coirelates with silver, and copper, molybdenum, and nickel also 
coirelate with arsenic. The nonormal distribution of chromium, copper, molybdenum, and 
nickel and the hint of a dual population of copper and molybdenum (fig. 7) further suggest 
a multiple origin for elements of the suite.

Antimony, Arsenic, Copper,Lead, Mercury, and Zinc

Spearman rank congelations reveal that antimony, arsenic, copper, mercury, and 
zinc do not all have moderate to strong correlation coefficients with one another (table. 5), 
but the moderate to strong association of many pairs of these elements is suggestive that the 
suite is linked gechemically. Most show strong to moderate associations with silver, and 
some, as noted earlier, correlate with gold. Chromium, molybdenum, and nickel could be 
considered part of this suite as they have moderate correlation with silver, and some 
correlate with other elements in the antimony-arsenic-copper-mercury-zinc suite. Probably, 
most of the elements in the suite are found in sulfide minerals, though no special study of 
the sulfides was conducted in the examination of the drill core. The principal sulfide 
minerals, mentioned earlier, identified in the core are pyrite, galena, and sphalerite, and 
also present are secondary green copper stains.
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Table 1. Lithologic Log of USGS No. 1 drill hole.

[Log by D.M. Cole, C.T. Wrucke, and Charles Zimmerman, July 1989, using some information 

from unpublished log made by TJ. Armbrustmacher and C.T. Wrucke, July-August, 1967]

DEPTH IN FEET LTTHOLOGY

0-30 Alluvium

30-127 Chert, black, brecciated

127-169.5 Chert, light gray and medium dark gray. Local abundant pyrite

127-139.5 Abundant carbon on fracture surfaces. Abundant

disseminated pyrite 

169.5-187 Chert, b'ght gray with chlorite on fracture surfaces. Black sulfides locally

oxidized to hematite in fine veinlets. Coarse-grained pyrite in a few

fractures. Jarosite abundant in microfractures and abundant chlorite(?) on

slip surfaces 

187-207.5 Siliceous mudstone and siltstone, both black. Abundant very fine grained

pyrite disseminated and in numerous vienlets. Coarse-grained (diagenetic?)

pyrite along bedding planes 

207.5-212.8 Chert, dark gray to black, locally brecciated. Pyrite is disseminated and in

veinlets. Fracture surfaces coated with carbon 

212.8-257.8 Siliceous mudstone, light gray and black, partly calcareous in interval

226.4-232.9. Calcareous zones tend to be light gray. Contains abundant

disseminated pyrite and pyrite in veinlets

245 Quartz-adularia-calcite vein 1 in wide

252-257.8 Calcareous hydrothermal breccia containing

sulfides in cross-cutting veins; associated argillic alteration 

257.8-261.1 No core
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261.1-277.5 Siliceous mudstone, medium dark gray to black, laminated; approaches

chert in hardness. Shows possible soft sedimentary deformation. Has en 

echelon step fractures. Abundant disseminated pyrite

277.5-302.7 Chert and siliceous mudstone. Chert is light gray and considerably more

abundant than the mudstone, which is black. Some chert has abundant fine 

grained disseminated pyrite. Pyrite and quartz-pyrite veinlets less than 1 

mm wide in some chert beds.

281 Barite-quartz vugs containing sparse pyrite 

288.7-292.6 Brecciated chert 

292.6-302.7 Quartz-pyrite-adularia veins

302.7-399.7 Chert, light gray. Abundant disseminated pyrite and quartz-pyrite veinlets. 

Dark-blue-gray fracture coatings and greenish-gray (chlorite?) slip surfaces

399.7-428.7 Black siliceous mudstone and subordinate amounts of light-gray chert.

Most of the chert is in the interval 400.3-406.2. Fine-grained disseminated

pyrite abundant in some mudstone beds, rare in chert, but pyrite veins are

abundant in chert. Carbon-rich slip surfaces abundant in mudstone,

greenish-gray (chlorite?) slip surfaces in chert 

428.7-486.4 Chert, light-gray with light-grayish-brown silty argillite beds about 1/2 in.

thick. Locally brecciated. Pyrite locally abundant in veinlets. Some beds

dip 40°-50° to core axis 

486.4-496.1 Interbedded medium-gray chert and dark-gray to black siliceous mudstone.

Beds average about 1 in. thick 

496.1-500 Siltstone, dark grayish brown, interbedded with light-gray chert, both in

beds about 1 in. thick
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500-544.2 Dominantly light-grey chert but includes lesser amounts of dark-gray

siliceous mudstone below 525.4. Pyrite generally sparse but a few veinlets

present Many carbon-rich slip surfaces

522 Thin quartz-calcite-adularia vein

524.4-540 A few quartz-adularia veins

544.2-606 Interbedded chert and siliceous mudstone. Chert is light to dark gray, 

mudstone is black. Chert-rich intervals commonly 9.2-16.3 ft thick, 

whereas mudstone generally dominant in intervals 1.5-10 ft thick. 

Disseminated pyrite abundant in some mudstone intervals. Carbon and clay 

on slip surfaces

548 Quartz-galena-sphlarerite-pyrite-calcite veins 1 in. thick 

581-593 Beds 25°-60° to core axis

600-634 Chert, light gray, and minor siliceous argillite. Pyrite locally abundant in 

fractures, also calcite and clay. Some beds dip 30° or more to core axis

634-688 Interbedded chert and siliceous mudstone in which chert is slightly more

abundant than mudstone. Chert is dominantly light gray, mudstone is 

black. Chert dominant in intervals as thick as 13 ft. Thickest mudstone 

intervals are 3 ft thick. Some mudstone in lower parts of the interval are 

slightly calcareous. Disseminated pyrite abundant in some intervals. Pyrite 

also locally abundant in veinlets. Some beds dip 30°-70° to core axis.

688-704 Interbedded siliceous mudstone and chert, with mudstone dominant.

Mudstone is dark gray to black and mostly calcareous. Chert is light to 

medium gray. Lower 4 ft brecciated

704-735.3 Quartz porphyry, pale greenish pink to pale red, composed of quartz, 

potassium feldspar, serialized plagioclase, and partly chloritized biotite 

phenocrysts in a fine-grained chalky to weakly propylitized matrix

735.3-737 Chert, dark gray with black carbonaceous laminations and pyrite veinlets
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737-785.2 Siliceous mudstone, black, carbonaceous, laminated. Contains a few 

quartz-pyrite-calcite veinlets, some with adularia. Unit is calcareous in 

interval 766.8-777 and weakly calcareous below 784.5 ft

744-744.5 Calcareous siltstone

745-746 Several quaitz-sphalerite-galena-pyrite veins 3 in. thick 

778 Galena-sphalerite-pyrite veinlets, some containing adularia

785.2-927 Calcareous siltstone and silty limestone, medium to dark gray, laminated to 

thin bedded, in part noncalcareous. Contains 40 percent black, laminated 

siliceous mudstone in laminations and beds to 7 in. thick. Disseminated 

fine-grained pyrite abundant in some intervals. Dull greenish-gray to 

bluish-gray coatings on some slip surfaces. Carbon-coated slip planes 

abundant Below 909 ft, a minor percentage of beds is medium dark 

brownish gray from metamorphism to hornfels

927-947.5 Siliceous mudstone, medium dark gray, laminated. Brecciated in part;

breccia is pyrite bearing and lacks carbon found in higher strata

947.5-1,014.3 Chert, light gray, intensely fractured, pyrite bearing

963-963.1 Quartz-pyrite veinlets

995 Sphalerite-arsenopyrite-chalcopyrite lenses as large as 0.3- 

1.5 in.

1,014.3-1,140 Chert, medium gray, laminated, interbedded with minor amounts of dark- 

gray to brownish- and greenish-gray hornfelsed siliceous mudstone. 

Hornfels is quartz-phlogopite-calcite rock 

1073.5 Quartz-pyrite vein, 3 in. wide. Contains unidentified black

sulfides and adularia. Has open spaces lined with quartz 

1080 Silicified hydrothermal breccia

1,157-1,169.5 Interbedded medium-gray to black laminated siliceous mudstone (60

percent), medium-gray laminated chert (30 percent), and dark-gray to black
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laminated calcareous mudstone (10 percent). Calcareous mudstone at base 

of unit. Pyrite and marcasite in some fractures. Strata dip 45° to 70° to core 

axis

1,169.5-1,170 Light-gray to pale greenish-gray tremolite-calcite skarn (containing 

sphalerite) and fine-grained hornfels

1,170-1,176 Chert, light gray, interbedded with minor amounts of medium-gray

siliceous mudstone and hornfels. Contains a few 1 in.-thick beds of skams

1,176-1,202 Hornfels, medium gray to pale brownish gray, interbedded with minor 

light-gray chert and 10-20 percent medium-gray to pale-greenish-gray 

skam. Pyrite generally sparsed but conspicuous in a few fracture planes, 

some with sphalerite

1,202-1,292 Hornfels, pinkish-gray to brown, coarse grained, in pan silty and 

calcareous. Slip surfaces are dark waxy green

1,292-1,338.2 Hornfels, pale brownish and pinkish gray, interbedded with 10-15 percent 

greenish-gray skam. Contains a few quartz-sphalerite-pyrite veins, some 

with minor jarosite. Dull greenish-blue coatings on slip planes

1,338-1,397 Chert, light gray, interbedded with siliceous, locally calcareous hornfels that 

is light gray near top of the unit, becoming purplish down section. Unit 

contains minor greenish-gray skarn. Contains minor amounts of 

disseminated pyrite that locally is conspicuous. Dull blue-green coating on 

fracture surfaces

1,397-1,444 Hornfels, pale greenish gray to purplish brownish gray and 10 percent

greenish-gray skarn, which decreases in abundance down section. Skarn 

beds are as much as 4 in. thick. Pyrite generally sparse but abundant in 

some skam beds
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1,444-1,506 Chert, light to medium gray, with 3-5 percent purplish-brown homfels and 

minor grayish-green skarn. Pyrite and marcasite common on some waxy 

green slip surfaces. Dull greenish-blue coating on many fractures

1,506-1,591 Hornfels and chert as above but about equal amounts of each rock type. 

Minor amounts of skarn locally. Chert beds commonly 1/2-2 in. thick, 

homfels 1/8-1 in. thick. Dull greenish-blue coatings on fracture surfaces. 

Pyrite sparse

1,533 Quartz vein 2 in. thick 

1,553-1,555 Pyrite-bearing laminations, breccia zones, and stockworks

of micro veins 

1,563 Adulariavein

1,591 -1,787 Chert, light gray, interbedded with 5 percent purplish-brown hornfels and a 

few thin beds of grayish-green skarn 

1,601 -1,651 Local stockwork of black micro veins 

1,671 -1,684 Stockwork as above. Some pyrite-bearing breccia zones 

1,695-1,696 Black homfels, very fine grained. Contains disseminated

pyrite and pyrite in veinlets

1,702-1,727 Local micro stockwork and conspicuous blue coating on 

fracture surfaces

1,787-1,841 Homfels, pinkish purplish brown (80-85 percent); chert, light gray 15-20 

percent); and skam, pale brownish-gray to pale greenish gray (5 percent) 

1,789 White quartz vein 2 in. thick containing small amounts of

sulfides 

1,792 Quartz vein as above

1,841 -1,886 Chert, light gray, containing a few beds of skarn about 2 in. thick. Some 

with sulfides and some with adularia
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1,845.2-1,849 Zone of fractures, some containing pyrite, galena, and 

possibly other sulfides

1,883-1,886 Weakly argillized and bleached along fractures 

1,886-1,948 Chert, light gray, interlayered with 5-10 percent purplish-brown hornfels

and a few layers of skarn 1-2 in. thick. Dark-green coating on some slip

surfaces

1,911 -1,911.5 Spotted hornfels

1,931 -1,933 Light-green vuggy calcite vein and brecciated skarn

1,943-1948 Mostly hornfels 

1,948-1,959 Hornfels, pinkish purple (50 percent), and skarn, grayish green (50

percent)

1,959-1,979 Chert, light gray, with 5 percent or less pinkish-purple hornfels 

1,979-1,985 Hornfels, pinkish purple, and minor amounts of skarn 

1,985-2,102 Chert, light gray (95 percent) and hornfels, pinkish purple (5 percent)

1,994-2,007 Sulfides, including pyrite and sphalerite, abundant in 

numerous veins

2,024-2,025 Spotted hornfels

2,029-2,038 Chert breccia containing pyrite

2,073-2,081 Brecciated chert and hornfels containing pyrite and sphalerite 

2,102-2,209 Interlayered chert, hornfels, and minor amounts of skarn. Chert is light

gray and is the dominant rock in intervals as thick as 40 ft. Hornfels,

pinkish purple, is the major rock in intervals commonly 7-10 ft thick

2,130-2,134 Brecciated chert containing abundant pyrite in stockwork

2,170-2,172 Stockwork of sulfides in microveins

2,175 Quartz vein 6 in. wide

2,180-2,195 Stockwork of black sulfides in microveins
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2,209-2,242 Hornfels, pinkish purple (50 percent), interlayercd with skarn, grayish

green (50 percent)

2,242-2,450.5 Mostly chert, light gray, with a few intervals 4-15 ft thick dominantly of 

pinkish-purple homfels and sparse intervals 2-4 in. thick of greenish-gray 

skarn. Greenish-blue coating on fractures locally conspicuous 

2,345 Sphalerite-pyrite vein 2 in. thick 

2,422 Quartz-sphalerite-pyrite vein 6 in. thick

2,450.5-2,455 Lamprophyre, dark greenish black, fine grained

2,455-2,484.5 Chert and hornfels as above. Interval is 90 percent chert, 10 percent 

hornfels

2,484.5-2,518.5 Skarn, greenish gray, calcareous, diopside(?)-bearing, and 20 percent 

interlayered pinkish-purple skarn. Pyrrhotite and pyrite on fracture 

surfaces and disseminated thoughout interval. Dark-blue coating on slip 

surfaces

2518.5-2622.5 Hornfels, dominantly pinkish purple or deep reddish brown but some is

medium dark gray. Has strong deformational fabric from unit having been 

crushed into phacoids commonly 0.1-0.5 in thick and later brecciated. 

Abundant pyrite and marcasite(?) in fractures that are coated with a dark- 

green waxy mineral

2,586.5-2,587 Green skarn containing 20 percent pyrite 

2,610 Grayish-blue coating on fracture surfaces

2,622.5-2,626.5 Chert, light gray with abundant pyrite

2,626.5-2,628 Lamprophyre as above

2,628-2,653 Chert, light gray with grayish-purple hornfels in minor amounts but

increasing in abundance toward bottom of interval 

2,649-2,651 Tremolite skarn, coarse grained
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2,653-2,706 Homfels, grayish purple and minor amounts of interlayered greenish-gray

skarn

2,667-2,669 Abundant disseminated and fracture-controlled pyrrhotite

2,669.5-2,673.5 Dark-gray spotted hornfels 

2,707-2,710 Granodiorite, medium gray to white with feldspar phenocrysts several

millimeters across in fine-grained matrix. Groundmass weakly

propylitized. May be endoskarn. Much fine-grained pyrite in the

groundmass and in veinlets 

2,710-2,731 Homfels, pinkish purple, green and chloritic near intrusive rocks above and

below 

2,731-2,734 Lamprophyre, dark gray to black, very fine grained, with calcite clots and

pyroxene phenocrysts 

2,734-2,766.8 Homfels, greenish purple to medium gray, mostly brecciated. Chloritic and

serpentinized in part

2,762.5-2,766.8 Intensely brecciated skarn 

2,766.8-2,776 Chert and homfels in about equal amounts. Chert is light gray, hornfels is

light grayish green to pale brownish gray and calcareous. Intensely

deformed into phacoids and locally brecciated 

2,776-2,938 Homfels, light gray, dark purplish gray, light brown, and dark grayish

green. Greenish variety is calcareous and grades into skarn present in

minor amounts. Locally intensely deformed into phacoids and brecciated

2,862-2,874 Quartz-diopside-tremolite skarn containing minor amounts of 

pyrite

2,865-2898.5 Sulfide blebs 2 mm across in calcareous homfels

2,924 Skam zone 5 in. thick with abundant pyrrhotite and pyrite 

2,938 Roberts Mountains thrust. Contact is sharp. Overlying rocks extensively

deformed as noted above
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2,938-2,961 Marble, light to dark gray, containing greenish-gray diopside-rich skarn in

upper part and minor amounts of deep pinkish-purple homfels in lower part 

2,946 Abundant disseminated pyrrhotite

2,961-2,979 Quartz-plagioclase (granodiorite?) porphyry, medium gray consisting of 

quartz and intensely altered plagioclase phenocrysts in a microgranitic 

groundmass. Most groundmass feldspar is altered to white mica and 

clay(?). Converted to tremolite- and vesuvianite-bearing endoskam near 

contacts. Contains pyrrhotite, disseminated and in thin veins

2,979-2,986 Skarn, light to medum gray and greenish gray. Contains abundant 

pyrrhotite, disseminated and in veins

2,986-2,990 Quartz-plagioclase porphyry as above

2,990-2,996 Skarn, gray to brownish green, diopside rich, containing minor amounts of 

quartz and calcite. Some varieties contain minor amounts of red-brown 

garnet Fine to very fine grained. Pyrite-bearing

2,996-3,017 Hornfels and interlayered skarn. Hornfels in pale pinkish gray, fine 

grained diopside-bearing quartz-rich rock that is weakly laminated and 

possibly cross laminated. Protolith was calcareous, partly dolomitic 

siltstone. Skarn is diopsidic and is dominant in unit above 3,009 ft. 

Contains disseminated pyrite

3,017-3,021.5 Endoskarn formed from quartz-feldspar porphyry. Feldspar phenocrysts 

are intensely altered. Some were plagioclase. Some former phenocrysts 

and the quartz-rich groundmass contain abundant zoisite and vesuvianite 

and less abundant calcite

3,021.5-3,041 Interbedded hornfels and skarn as in interval 2,996-3,017. Some hornfels 

is tremolite-bearing former calcareous siltstone
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3,041-3,074.5 Marble, dark gray, fine grained. Contains a few zones of diopside and

tremolite-rich skarn, some garnet bearing, as much as 2 ft thick. Has small 

percentage of pyrrhotite, disseminated and in veins 

3,059.5-3,063 Cataclastic zone containing a few l-in.-thick zones of 

quartz-plagioclase porphyry

3,074.5-3,155.5 Limestone largely converted to tremolite-diopside skarn, light to dark gray. 

Dark-gray hues are carbon-rich zones

3,155.5-3,173.4 Lamprophyre, dark grayish green to black, fine grained, fairly fresh rock 

consisting of plagioclase, brown hornblende, augite, and minor chlorite

3,173.4-3,225.5 Marble and tremolitic limestone, light to medium bluish gray, laminated. 

Fine laminations contorted from possible soft-sediment deformation below 

3,200 ft. Some bleached zones as much as 2 ft thick. Metamorphic effects 

appear to decrease downunit, but, as suggested by thin sections of rocks 

from lower intervals, much of the unit probably contains fine-grained 

tremolite. Contains undeformed to highly deformed calcite veins as wide as 

2 in. Carbon-rich slip surfaces commonly parallel to bedding

3,225.5-3,244 Lamprophyre as above

3,244-3,247 Marble as above

3,247-3,250.5 Lamprophyre as above

3,250.5-3,289 Marble, medium to dark gray, fine grained, silty. Laminations suggest soft- 

sediment deformation

3,289-3,292 Lamprophyre as above

3,292-3,355 Tremolitic limestone and skarn, medium to dark bluish gray, laminated. 

Contains abundant calcite veinlets 

3,329 Folded limestone 

3,340 Calcareous hornfels 6 in. thick
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3,355-3,397 Recrystallized limestone and skarn. Limestone is medium bluish gray and 

fine grained. Skarn is light gray, fine grained diopside rock locally 

containing garnets and sulfides. Skarn is concentrated above 3,364 ft and 

below 3,377-ft

3,397-3,407 Granodiorite(?) porphyry partly converted to endoskarn, light gray, with 

abundant seriate euhedral plagioclase phenocrysts 0.5-1 mm across partly 

converted to tremolite and vesuvianite in an argillically altered fine-grained 

matrix. Contains abundant disseminated pyrrhotite and tremolite from 

endoskarn

3,407-3,471 Recrystallized limestone and skarn as above. Some skarn is very fine 

grained quartz-calcite-tremolite rock

3,471-3,476 Granodiorite porphyry, medium to light gray, hornblende bearing, partly 

converted to endoskarn in which original plagioclase phenocrysts are 

replaced in part by vesuvianite and the partly argillized groundmass contains 

small amounts of calcite. Contains 3-5 percent disseminated pyrrhotite

3,476-3,491 Metalimestone and skarn similar to rock in interval 3,355-3,397.

Metalimestone is medium to dark gray and laminated. Skarn is light gray 

and variable in abundance in intervals 6 ft thick or less. Contains abundant 

calcite veins less than 2 mm thick. Disseminated pyrrhotite not abundant. 

Laminations locally parallel axis of core

3,491-3,879 Metalimestone and small amounts of marble. Metalimestone is medium to 

dark gray, fine grained and rich in carbon. Contains fine-grained tremolite 

and possibly diopside. Small amounts of scapolite identified at 3,572. 

Marble is medium gray and medium to coarse grained

3,879-3,893 Skarn, light to medium gray. Consists of medium-grained tremolite in 

matrix of fine-grained recrystallized calcite
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3,893-3,930 Metalimestone, medium to dark gray and black, fine grained, laminated to 

medium bedded, contains abundant carbon. Some beds are silty. Contains 

abundant tremolite. Only small amounts of calcite remain. Has minor 

amounts of disseminated pyrrhotite.

3,930-3,996 Metasiliceous mudstone and silty mudstone, medium dark gray, laminated, 

containing a few beds of medium-gray metalimestone commonly 2-3 in. 

thick but as thick as 2 ft. Mudstone consists of very fine grained 

phlogopite, with local concentrations of tremolite. Scattered silt grains in 

some layers. Some mudstone is calcareous. Unit is highly deformed into 

phacoids that measure a few millimeters to several inches in length. Shear 

zones between phacoids are black from carbon. Could be a fluidized 

mudflow or, more likely, tectonically deformed mudstone. Contains minor 

amounts of disseminated pyrrhotite. Marcasite in shear zones and in 

tremolite-rich zones

3,996 Bottom of hole
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Table 6. Summary statistics for 11 elements in 93 samples from USGS No. 1 using analyses
in table 7.
[Data are in ppm except Au is in ppb]

Ag

As

Au

Co

Cr

Cu

Hg

Mo

Ni

Pb

Zn

Minimum

0.1

36

3

2

29

19

0.03

1

15

1

34

Maximum

12.8

2,000

647

16

191

371

1

43

151

2,327

4,566

Median

0.6

127

27

7

122

90

0.05

6

38

13

115

Mean

1.48

199.97

76.89

7.41

119.04

106.28

0.09

8.98

46.16

62.99
465

Geometric 
Mean

0.78

145.24

24.96

6.86

110.74

84.21

0.06

5.82

39.34

12.26

186.30

Standard 
Deviation

2.77

249.12

118.11

2.81

40.68

77.08

0.12

8.35

28.17

275.90

878.89
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